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INTRODUCTION
Populations of small mammals usually maintain about equal numbers of males and females ). In 1972 we initiated a series of experiments to study the demographic consequences of distorting the sex-ratio in populations of voles, Microtus townsendii (Bachman) and M. oregoni (Bachman). In an earlier paper (Redfield, Krebs & Taitt 1977a) we analysed the demographic changes in M. townsendii populations of artificially altered sex-ratio. In this paper we report on an analogous and simultaneous series of experiments with M. oregoni. The sex ratio of an unmanipulated population of this species was 21% males. In the present experiments we altered sex-ratios in two populations and followed the demographic performance of these altered populations. We measured demographic performance by estimating population density, reproduction, survival, and recruitment.
EXPERIMENTAL CONDITIONS
The studies reported here were carried out on abandoned grasslands at the Ladner Air Base, 16 km south of Vancouver, B.C. Four study areas were trapped every other week from July 1972 until July 1974. All populations studied were open to both emigration and immigration. Other species of small rodents present on these areas were Microtus townsendii and Peromyscus maniculatus (Wagner). We followed the same pattern of trapping, marking and recapture as in our previous studies .
One of the areas studied was left unaltered as a control population (Grid E); on a second area all Microtus oregoni were removed every 2 weeks (Grid F); and the remaining two areas were used in removals and cross transfers as follows: one area (Grid S) was designated as a male enriched area and 80% of all females were continuously removed. These females removed from male grid S were transferred to the fourth area (Grid U-female enriched) where 80% of all males were removed and transferred to the male grid. Reciprocal removals and cross transfers began in July 1972 and were completed in June 1974. Transfers from one grid to another were not considered successful unless the animal was recaptured on the grid. Figure 1 gives a diagrammatic representation of the relative positions of the experimental areas.
RESULTS

Sex-ratio
The sex-ratio of a population is expressed as the percentage of males among animals known to be alive. Our experimental design required a substantial and enduring 56 56 / Z / Z FIG. 1. Map of the study area, Ladner Air Base, near Vancouver, British Columbia. Grid E was the control grid, Grid F the complete removal area, Grid S the male area, and Grid U the female area. Sex-ratios were manipulated on Grid S and Grid U.
FIG. 1.
Map of the study area, Ladner Air Base, near Vancouver, British Columbia. Grid E was the control grid, Grid F the complete removal area, Grid S the male area, and Grid U the female area. Sex-ratios were manipulated on Grid S and Grid U.
alteration of the sex-ratio on the experimental grids. We discuss here how well we achieved these objectives.
Control grid E
The sex-ratio of residents on control grid E is given in Fig. 2 . The sex-ratio on the control grid averaged 21% males, and fluctuated between 0 and 45% males. For every male on the control grid, there were about four females. The sex-ratio of Microtus oregoni is one of the lowest of vole populations on record. The sex-ratio was 8% higher in the non-breeding season (26% males, N = 150) than in the breeding season (18%, N = 296; P< 005). The sex-ratio of resident voles (21% males, N = 446) was lower than the sex-ratio of newly captured voles (44%, N = 126; P < 0-001) and this difference was most marked in the breeding season.
Male grid S
The sex-ratio of M. oregoni on male grid S is shown in Fig. 2 . Our removals and introductions were successful at driving the sex-ratio of these voles to between 60 and 90% male (average = 77%). In the breeding season it was more difficult to keep the sex-ratio alteration of the sex-ratio on the experimental grids. We discuss here how well we achieved these objectives.
Control grid E
Male grid S
The sex-ratio of M. oregoni on male grid S is shown in Fig. 2 . Our removals and introductions were successful at driving the sex-ratio of these voles to between 60 and 90% male (average = 77%). In the breeding season it was more difficult to keep the sex-ratio 57 57
Experiments on sex-ratios in voles Experiments on sex-ratios in voles Thable 1).sex-ratio on averagthe two experimentales wereas is trapphe sex-ratioin at the essiond of 70ro of femovals wereand intrappedoductions in a given week1). FemShaded M.regions repr esent non-breeding periods.the 4 high, and in some weeks the sex-ratio prior to removals was less than 50% males. At the of removals and introductions in a given week the sex-ratio was never lower than 60% males. Removals ceased for the last two trapping sessions and the sex-ratio dropped to 50% males.
Female grid U
The sex-ratio of voles on the female grid U is shown in Fig. 2 . We had little trouble keeping the sex ratio in this area at 10-15%(average = 12%). Since the sex-ratio of the control population was only 21% males, we had a larger effect on the male grid than the female grid. We now turn to the effects these changes in sex-ratio had on the populations. Thable 1).sex-ratio on averagthe two experimentales wereas is trapphe sex-ratioin at the essiond of 70ro of femovals wereand intrappedoductions in a given week1). FemShaded M.regions repr esent non-breeding periods.the 4 high, and in some weeks the sex-ratio prior to removals was less than 50% males. At the of removals and introductions in a given week the sex-ratio was never lower than 60% males. Removals ceased for the last two trapping sessions and the sex-ratio dropped to 50% males. Female grid U The sex-ratio of voles on the female grid U is shown in Fig. 2 . We had little trouble keeping the sex ratio in this area at 10-15%(average = 12%). Since the sex-ratio of the control population was only 21% males, we had a larger effect on the male grid than the female grid. We now turn to the effects these changes in sex-ratio had on the populations. Experiments on sex-ratios in voles Experiments on sex-ratios in voles Density Control grid. M. oregoni on the control grid were never as abundant as on the other two grids (Fig. 3) . The maximum number on this area was twenty-five and there was a strong seasonal cycle in abundance. The number of voles peaked late in the breeding season and then declined for several months through winter, spring and early summer of each year. The winter-spring decline in numbers was more acute in the winter of 1972-3 (r = -4% per week) than in the winter of 1973-4 (r = -2% per week). In 1972-3 the decline was 8 months long and numbers went from a peak of twenty-five to a low of seven, and numbers continued to decrease for at least 4 months after breeding began.
Male grid. The number of M. oregoni on the male grid was higher than on the control grid at the start of the experiment (Fig. 3) . Peak densities occurred in winter and these peak densities were generally about twice as high as summer densities. Even though the density was higher than it was on the control, the seasonal pattern of change on the male grid was similar to the control grid. But from September to December 1972 numbers on the control grid declined from twenty to twelve, while numbers on the male grid in this period were stable. From September 1973 through January 1974 numbers on the control grid declined slightly from nineteen to seventeen, but on the male grid numbers went from fifty-three to forty-one. Average density of males on the male grid was 32-4 which is nine times greater than the average density on the control area (Table 1) . At the same time the average density of females on the male grid was 14.0 which is only 11 higher than the control.
Female grid. The number of voles was similar to the male grid with peak densities 
Density
Control grid. M. oregoni on the control grid were never as abundant as on the other two grids (Fig. 3) . The maximum number on this area was twenty-five and there was a strong seasonal cycle in abundance. The number of voles peaked late in the breeding season and then declined for several months through winter, spring and early summer of each year. The winter-spring decline in numbers was more acute in the winter of 1972-3 (r = -4% per week) than in the winter of 1973-4 (r = -2% per week). In 1972-3 the decline was 8 months long and numbers went from a peak of twenty-five to a low of seven, and numbers continued to decrease for at least 4 months after breeding began.
Female grid. The number of voles was similar to the male grid with peak densities reached at the end of the breeding season, and declines occurring in both non-breeding seasons studies (Fig. 3) . The winter declines in numbers on the female grid were not as severe as on the control or male grids. We can compare the overwinter declines in numbers of M. oregoni on the three grids. The parameters we are interested in are the starting date of the decline, the length of the decline, the rate of decline, and the percentage of the population lost during these declines. These details are set out below. On the control grid, declines started in late August in both years, lasted for at least 8 months at a rate of loss twice as high in 1972 as in 1973, and reduced the population by 72-55%. On the male grid the declines started up to 3 months later, were shorter, and reduced the population by 58-53%. On the female grid the declines started at the same time as, or earlier than, the control, lasted for a shorter period at a lower loss rate, and reduced the population by only 38-36%. We conclude that the population made up mostly of females was more stable than the male population or the control population. The average density of females on the female grid was 34-9, about three times the density of females on the control grid. The average density of males was 7-6, only twice as high as the male density of the control population.
Survival
The rate of recapture of marked animals is equated with a 14 day minimum survival rate, and we summarize survival rates in Table 1 . Females survived significantly better than males on all grids, with the biggest difference of 18% on the control area (P < 0.001). Generally, survival in non-breeding season was better than in the breeding season. For example, on the male grid 90% of males in the non-breeding season survived (N = 507), and only 78% of males in the breeding season survived (N = 767, P< 0-01).
Survival rates for both males and females were always higher on the experimental grids than on the control area. Hence, we see that survival rates are not density-dependent. Our experimental manipulations raised survival of males by 10-19%, and of females by 3-6%. We found no relationship between average density during the breeding season and mean survival rates of either sex.
We removed 127 males from female grid U and introduced them onto the male grid S; 52% of these survived 2 weeks. We transferred 144 females from the male grid S to the female grid U, but less than 40% of these females survived for 2 weeks. The success of introducing males was almost significantly higher than for females (Xl( = 369;P < 01 > 0.05). This is exactly opposite to the conclusions reached by reached at the end of the breeding season, and declines occurring in both non-breeding seasons studies (Fig. 3) . The winter declines in numbers on the female grid were not as severe as on the control or male grids. We can compare the overwinter declines in numbers of M. oregoni on the three grids. The parameters we are interested in are the starting date of the decline, the length of the decline, the rate of decline, and the percentage of the population lost during these declines. These details are set out below. On the control grid, declines started in late August in both years, lasted for at least 8 months at a rate of loss twice as high in 1972 as in 1973, and reduced the population by 72-55%. On the male grid the declines started up to 3 months later, were shorter, and reduced the population by 58-53%. On the female grid the declines started at the same time as, or earlier than, the control, lasted for a shorter period at a lower loss rate, and reduced the population by only 38-36%. We conclude that the population made up mostly of females was more stable than the male population or the control population. The average density of females on the female grid was 34-9, about three times the density of females on the control grid. The average density of males was 7-6, only twice as high as the male density of the control population.
We removed 127 males from female grid U and introduced them onto the male grid S; 52% of these survived 2 weeks. We transferred 144 females from the male grid S to the female grid U, but less than 40% of these females survived for 2 weeks. The success of introducing males was almost significantly higher than for females ( 
Control grid E
The sample size of adult and sub-adult males on control grid E was usually quite small. This results in a rather erratic fluctuation in the estimation of breeding condition among males on this grid (Fig. 4) . The non-breeding period in the winter of 1972-3 was 6 weeks shorter than the non-breeding period in the winter of 1973-4.
The percentage of lactating females was generally less than 50% of the adult females and less than 30% of the sub-adult females. In both winter periods of this study, no females were lactating.
Male grid S
We have estimated the percentage of males with scrotal testes on this grid, but because of small sample sizes, do not present the breeding condition of females. The percentage of adult and sub-adult males with scrotal testes on male grid S is shown in Fig. 5 . On this grid, a larger percentage of males had scrotal testes than on the control grid. Even though there was a sharp decline in breeding activity among males during the winter on this grid, breeding never completely stopped as on the control grid. Thus, males in the presence of an abundance of other males appear to breed at a higher intensity over a longer period of the year than on the control grid.
Female grid U
We estimate the breeding condition of females on the female grid, but small sample size precludes an accurate estimate of the reproduction among males. Females on the female grid breed more intensively and longer than on the control grid (Fig. 5 ), but the difference is not as marked as for the male grid. A higher percentage of adult females were lactating on the female grid than on the control grid, and adult females bred for a greater portion of Redfield, Krebs & Taitt (1977a) for M. townsendii. The permeability (as measured by the success of introduced individuals) of M. oregoni populations as compared to M. townsendii populations was the same for males (X(2) = 3 17. P> 0 1) but less for females (X(2) = 5-09; P< 0-01). We conclude that the permeability of M. oregoni populations is greater for males than females, and this may be related to the low density of males in a natural population. We can ask whether this permeability factor changes with the seasons. During the breeding season, 225 animals were transferred to the male or female grids, and ninety-seven of these (43%) were successful introductions. In the non-breeding season, fifty-five animals were transferred, and of these 35 (64%) were successful (X() = 6-67; P<0-01). Thus, M. oregoni populations are more permeable in the non-breeding season than in the breeding season.
We can summarize our results concerning survival of M. oregoni: in general, survival of both males and females is higher in the non-breeding season than in the breeding season, and a large increase in percentage of males on an area enhances survival of all segments of the population to a larger extent than a smaller increase in the percentage of females. 
Reproduction
Control grid E
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We estimate the breeding condition of females on the female grid, but small sample size precludes an accurate estimate of the reproduction among males. Females on the female grid breed more intensively and longer than on the control grid (Fig. 5 ), but the difference is not as marked as for the male grid. A higher percentage of adult females were lactating on the female grid than on the control grid, and adult females bred for a greater portion of Experiments on sex-ratios in voles Experiments on sex-ratios in voles the year. We conclude that an abundance of females does not suppress breeding among those females; quite the contrary, breeding seems to be enhanced.
Recruitment rate
Recruitment into a population comes both from immigration and birth, and often these two sources are not separated. Both total recruitment rate and the sex-ratio of recruits may be affected by the sex-ratio of the population. Here we examine the problem of recruitment rate into our four populations. Recruitment is defined as the number of newly tagged animals per 14 days (excluding introductions).
The total number of new recruits per 14 days on all grids in each period is given in Table  1 . Recruitment rates ranged from 0-29 for males on the control grid in the first non-breeding period to 8-28 for females on the total removal grid in the first breeding period. Recruitment averaged three times higher on the removal grid than on the control grid. From this we conclude that potential immigration to all grids was far in excess of actual recruitment, and hence that recruitment into the control and experimental areas was restricted.
The recruitment rate of females onto the male grid averaged 2-8 times higher than the recruitment rate of females onto the control grid. Reducing the number of females enhanced the recruitment rate for females. In addition the recruitment rate of males onto the male grid ranged from 1-2 to 8-9 times (average = 2-2 times) the recruitment rate of males onto the control area. Not only was recruitment of females enhanced, the recruitment of males was also enhanced on a male enriched area.
The average recruitment rates for males and females onto the female grid were virtually identical to the male grid and were 2.1 times and 2-8 times respectively higher than onto the control area. Again recruitment rates of both males and females were boosted on this male deficient area when compared to the control grid.
We hypothesized that recruitment of the rare sex onto a female or male deficient area would be greater than recruitment into a control population. We accept that hypothesis for M. oregoni but stress that recruitment of the abundant sex was increased as well in the manipulated populations. We appear to have upset the overall social organisation of M. oregoni, and to have increased movement into our manipulated populations. This recruitment rate was increased to a level about 80% as high as onto the removal grid, an area with no resident voles.
These increases in recruitment rate of both males and females on the experimental grid result in the sex-ratio of new recruits not being strongly affected by our manipulations. Of the new recruits on the control and experimental grids, 44 and 37% respectively were males.
We have attempted to separate births from immigration on the control and Number of new voles < 17 g at time T *Index = Number of females lactating at time T-4 weeks the year. We conclude that an abundance of females does not suppress breeding among those females; quite the contrary, breeding seems to be enhanced.
We have attempted to separate births from immigration on the control and experimental areas. We measure a relative birth rate by assuming that all newly caught voles less than 17 g were born on the area, but we cannot prove this assumption. Table 2 gives the index of production on all three areas. The index of production was highest on the control grid. This index of production was not related to either male or female density. In M. oregoni the survival of small juveniles may be more affected by social disruption of the population than by its sex-ratio. Total recruitment on the male grid was the same as on the female grid and this may have been due to higher immigration since there were only 33-50% as many females on the male grid as on the female grid.
DISCUSSION
Interspecific interactions have long been recognized as an effective limit on the distribution and abundance of some populations We began our experiments with the simple idea that we could learn something of the social organization and population regulation of voles by altering the sex-ratio. We assumed that behaviour was an important component in population regulation of voles ) and that sex-ratio manipulations would alter both the social organization and regulatory behaviour, thereby changing the dynamics of our populations.
Most discussions of population regulation fail to recognize that male and female density may be regulated in different ways. Many papers discuss the regulation of male density by, say, territoriality and presumably assume that female density is tied in some mysterious way . But showed that the density of female, but not male, Peromyscus maniculatus could be increased by the addition of food. Thus the environmental variable that female P. maniculatus were regulated to must be different than for males. Yet social organization and behaviour may be the mechanism through which regulation is effected.
Social organization in small microtine rodents is poorly understood ). In addition studies on social organization in small rodents are not easy since the species are usually secretive and live in dense grass or burrows for much of their lives. We are left in the unenviable position of trying to learn something of social organization using experimental approaches which may be of little relevance.
We made a series of predictions (Redfield, Krebs & Taitt 1977a) of the demographic results of changes in the sex-ratio for animals in an asocial, dispersed system. We concluded that Microtus townsendii had a social organization where spacing behaviour was sex-specific, but noted some discrepancies with our predictions. Our results for M.
oregoni are in closer agreement with the prediction for an asocial dispersed social system with spacing behaviour not sex-specific.
We were able to raise the rate of recruitment of the rare sex on an experimental grid. But the recruitment rate of the common sex was also raised. Total recruitment into these manipulated populations was over twice as high in control populations and about 80% of experimental areas. We measure a relative birth rate by assuming that all newly caught voles less than 17 g were born on the area, but we cannot prove this assumption. Table 2 gives the index of production on all three areas. The index of production was highest on the control grid. This index of production was not related to either male or female density. In M. oregoni the survival of small juveniles may be more affected by social disruption of the population than by its sex-ratio. Total recruitment on the male grid was the same as on the female grid and this may have been due to higher immigration since there were only 33-50% as many females on the male grid as on the female grid.
We made a series of predictions (Redfield, Krebs & Taitt 1977a) of the demographic results of changes in the sex-ratio for animals in an asocial, dispersed system. We concluded that Microtus townsendii had a social organization where spacing behaviour was sex-specific, but noted some discrepancies with our predictions. Our results for M. oregoni are in closer agreement with the prediction for an asocial dispersed social system with spacing behaviour not sex-specific.
We were able to raise the rate of recruitment of the rare sex on an experimental grid. But the recruitment rate of the common sex was also raised. Total recruitment into these manipulated populations was over twice as high in control populations and about 80% of He classified social systems into territorial, interspersing, and gregarious. Territorial systems need no definition and adequate examples of such can be found among bird species. Interspersing systems have individuals forming a hierarchy within groups and groups arranged hierarchically as well. Gregarious social systems are ones where individuals simply congregate with no hierarchy arrangements. Population regulation is strongest and most highly developed in a territorial system. Population regulation is weakest in a. gregarious system. If Brereton (1971) is correct and his analysis is general we may be observing in Mictorus species a continuum from a regulated population to an unregulated one and the degree of social organization may be a function of the species studied, time of year, and the part of the cycle studied. M. oregoni organization may fluctuate from a gregarious system through to an interspersing system. Our experiments may have kept the populations continuously in a gregarious state and prevented the establishment of any social order.
There is some speculation that our experiments with M. oregoni may have been seriously affected by the presence of M. townsendii. showed that M. oregoni and M. townsendii compete and this competition could alter some of our results. In order to adjust for this potential competition effect, we ran an analysis of covariance on the data.
We analysed density, survival, recruitment and trappability of males, females and total M. oregoni on all grids and used either male, female or total density of M. townsendii as our covariate. Numbers, recruitment rate and covariates were transformed (log o) prior to analysis to reduce the heterogeneity of variation. Covariates were as follows: male M. townsendii density for number of males and for female survival; female M. townsendii density for number of females and for male survival; total M. townsendii density for recruitment, trappability, and for all totals. No systematic replicate effects were found and all replication variation was pooled with error.
The addition of covariates resulted in no reduction of error variation for female or total survival, or for trappability. In all other cases the addition of covariates resulted in a significant reduction in the error variation; i.e. our estimates of M. oregoni density, survival and recruitment were significantly altered by the presence of M. townsendii. There was no significant interaction and we could find no systematic alteration in the adjusted means. We conclude that there are significant effects of M. townsendii on M. oregoni, but that these effects did not significantly alter the experimental results.
Removal experiments have now been done on a variety of rodent species. These experiments have clearly demonstrated that a surplus of animals exist to colonize vacant areas and that these animals were capable of breeding. These surplus animals most likely disperse and die when no vacant habitat is available . We need to do a series of sex-ratio experiments on a wider variety of species before we will understand the role of sex-ratio on population dynamics. In future experiments we suggest that voles not be transferred from one grid to another. These introductions are of little demographic significance and may only serve to further disrupt the social order of these voles. Two control populations would need to be established: one would be a population with no manipulations, the other would be a population with the desired number of individuals (drawn at random from the residents) removed (the desired number would be equal to the number of males or females removed from the experimental grid). These experiments would help us to understand better the function and maintenance of sex-ratio in these populations.
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